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by Thomas A. Dierauf

Abstract

Seedlings were separated by root collar diameter, top length, and presence of a
terminal bud, in 1966 and 1967. They were assigned to four separate studies that were
similar in each year. Spacing was 3 X 3 feet. Results for survival and height growth at
age three were published in 1973.

Total height and DBH of each surviving seedling was measured at age 26 (1966 study)
and 25 (1967 study). Survival was only 27 and 31 percent as a result of the close
spacing.

At age three, seedlings in the 5/32 and 6/32-inch classes averaged about a foot taller
than seedlings in the 2/32 and 3/32-inch classes. They also were considerably stouter
and had considerably more foliage. At ages 26 and 25, the differences had reversed, and
seedlings in the 2/32 and 3/32-inch classes were about a foot taller than the 5/32 and
6/32-inch classes. Small seedlings were also as large or larger in DBH.




Introduction

Similar loblolly pine seedling grade studies were installed in 1966 and 1967, and survival
and height at age three were published in Occasional Report No. 40, April 1973.
Seedlings were separated by root collar diameter, top length, and presence or absence
of a well-developed terminal bud.

The seedlings were lifted, measured, and separated into diameter, top length, and bud
classes during March 7 to 10 in 1966 and March 8 to 13 in 1967. Seedlings were carefully
hand-lifted from 18 different beds in 1966 and 30 beds in 1967.

The seedlings obtained from these separations were divided into four small, factorial
studies in each year. Each of the four small studies was replicated three times in
randomized blocks, using row plots of 20 seedlings each. The three replications of the
four separate studies were randomly assigned to three larger blocks, so that each larger
block contained one replication of each of the four separate studies.

The 1966 seedlings were divided into four separate studies, as follows:

1. 2/32 and 3/32-inch stem diameters with 4 and 6-inch tops,
with no buds.

2. 3/32 and 4/32-inch stem diameters with 4 and 6-inch tops,
with and without buds.

3. 4/32, 5/32, and 6/32-inch stem diameters with 6 and 8-inch
tops, with and without buds.

4. 6/32 and 7/32-inch seedlings with 8 and 10-inch tops, with
and without buds.




The 1967 seedlings were divided into four separate studies, as follows:'’

1. 2/32 and 3/32-inch stem diameters with 4 and 6-inch tops,
with no buds.

2. 3/32 and 4/32-inch stem diameters with 6 and 8-inch tops,
with and without buds.

3. 4/32 and 5/32-inch stem diameters with 6, 8, and 10-inch
tops, with and without buds.

4. 5/32 and 6/32-inch stem diameters with 8 and 10-inch tops,
with and without buds.

Seedlings were planted at a spacing of 3 feet by 3 feet, with a 9-foot buffer between the
four separate studies in each block. When measuring and separating seedlings into
classes, we always had classes (diameter-length-bud combinations) for which we did not
have enough seedlings for three 20-seedling rows. We planted what we had anyway, as
extra rows adjacent to the separate, factorial studies. For example, in Experiment 1 in
1966, we had enough 2/32-inch seedlings that had set buds for just two 20-seedling
rows. We planted both of these in Block 1, on one side of the four-row factorial study.
The 9-foot buffer was then between one of these extra rows and the adjacent study.

Survival at age three in relation to initial root collar diameter was similar in 1966 and
1967 (Figure 1). Survival was best for 4, 5, and 6/32-inch seedlings, only 2 to 3
percentage points lower for 2 and 3/32-inch seedlings, and 10 to 15 percentage points
lower for 7/32-inch seedlings. Seedlings were planted in mid-March in both years, which
is the safest time to plant seedlings in Virginia. Had the seedlings been planted in
December or January, the survival of 2 and 3/32-inch seedlings would probably have
been considerably lower than the survival of 4, 5, and 6/32-inch seedlings.

At age three, seedling height was related to initial root collar diameter, with 5, 6, and
7/32-inch seedlings the tallest and similar in height, and 2 and 3/32-inch seedlings the
shortest (Figure 2). The difference between the smallest and largest-diameter seedlings
was a little over one foot in 1966, and a little less than one foot in 1967. However, the
height difference of only one foot does not fairly represent the difference in appearance
between small and large diameter seedlings; the larger diameter seedlings were
noticeably stouter at age three, and had considerably more foliage (Figures 3, 4, and 5).

'A total of seventy-five 7/32-inch seedlings, which had top lengths of 8, 10, and 12 inches, were graded.
These were pooled to provide enough scedlings for three 20-seedling rows and 3 partial rows of 5 seedlings
each.
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Top length differences, and presence of a terminal bud, had only minor and inconsistent
effects on survival and height growth.

Measurement at Age 26 and 25

These plots were still in remarkably good shape in the spring of 1992 with no signs of
catastrophic mortality due to ice, wind, bark beetles, etc. Mortality had been heavy, as
one would expect, but it all seemed to be competition induced. We measured DBH to the
nearest inch, and total height to the nearest foot on all surviving trees, noting which trees
were dominant or co-dominant.

Results and Discussion

Appendix 1 and 2 present survival, mean height, mean DBH, and basal area per acre
at age 26 (1966) and 25 (1967) for the three replications (rows) of each treatment of each
of the four separate studies. Basal areas for individual rows in these tables are extremely
variable, ranging from 11 to 441 square feet per acre. A 20-seedling row at a 3 by 3 foot
spacing (with a 10 to 12-foot buffer on the ends of the row) occupies less than 1,/200
acre. We calculated overall basal area, using the total area, including buffers, for all three
blocks in each year, to be 199.3 and 185.2 square feet per acre for 1966 and 1967,
respectively.

Overall survival was only 27 and 31 percent at age 26 and 25 in the 1966 and 1967
studies, respectively. The survival trends present at age three, with respect to initial root
collar diameter, were still present (Figure 1).2

Height growth trends, however, had changed in an unexpected and surprising manner.
The smallest diameter classes, which had been the shortest at age three, were the tallest
at age 26 and 25 (Figure 2).°

When these studies were installed, we were only interested in seedling survival and
height growth for three years, and did not anticipate measuring after 25 or 26 years. A
3-foot spacing between seedlings, with a 9-foot space between sub-blocks, was
satisfactory for three years, but the 9-foot buffer between sub-blocks presented serious
problems by age 25 or 26. Outside seedling rows, adjacent to these 9-foot buffers,
survived and grew in diameter considerably better than interior rows with a 3-foot space
on both sides. Height growth was also favored in outside rows, because more of the
trees in these rows were able to maintain a co-dominant or dominant crown position.

LSurvival and height of 7/32 inch seedlings at age 25 for the 1967 study are not presented because they were
planted by themselves and all rows were "outside” rows (see discussion af outside rows in paragraph following).
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In Table 1, all root collar diameter, top length, and bud classes have been averaged for
survival, height, and DBH for interior and outside rows.

Table 1. Average survival, height, and DBH at age 26 or 25 for interior and outside rows.

Survival Height DBH
Interior Qutside Interior Qutside Interior Qutside
1966 23.6 371 50.3 54.0 5.517 6.94
1967 29.2 379 47.8 51.2 5.33 6.46

There were 21 outside rows in 1966 and 12 in 1967 out of a total of 96 rows in each year.
In Table 2, means for inside and outside rows separately and combined are presented
by initial diameter class for survival, height, DBH, and basal area at age 26 and 25.
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Table 2. Survival, height, DBH, and basal area per acre at age 26 and 25, by
initial diameter class, for inside and outside rows separately and

combined.
Root collar 1966 1967
Diameter In Out Comb. In Out Comb.
Survival 2 225 325 292 26.2 325 28.3
3 21.7 36.7 24.2 28.8 ar.5 29.7
4 226 43.3 252 28.7 38.3 29.7
5 26.1 33.3 27.9 30.7 41.7 J1.8
G 26.8 39.0 29.4 289 37.5 30.3
7 20.0 38.3 246
Means 23.3 37.2 26.8 28.7 37.5 30.0
Height 2 50.8 53.3 52.4 50.2 50.8 50.4
3 52.0 55.7 h2.6 49.0 488 49.0
4 51.4 54.5 5.8 471 48.6 47.3
5 499 52.2 50.4 47.6 55.5 48.4
5 50.8 H4.8 51.6 47.5 515 48.2
7 48.4 53.2 406
Means 50.6 54.0 51.4 48.3 51.0 48.7
DBH 2 5.9z 6.50 5.30 6.02 6.52 6.19
3 5.58 7.51 5.90 5.50 5.50 5.50
4 5.58 6.87 574 519 5.94 5.26
5 5.24 6.57 5.58 5.29 7.53 5.52
6 5.58 7.28 5.94 528 6.56 5.49
7 522 6.83 5.62
Means 5.52 5.23 5.85 5.46 6.41 5.59
Basal Area 2 196.8 162.7 167.4 232.0 169.2 2111
3 174.1 2255 182.6 2246 144.2 2156
4 179.5 238.2 186.9 197.9 170.8 195.2
5 180.0 174.0 1785 214.7 2597 219.2
G 207 1 2421 214.4 186.0 185.0 185.8
ri 147.5 2154 164.5
Means 180.8 208.0 182.4 211.0 185.8 205.4

In addition to the problem presented by the 9-foot buffers between sub-blocks, the
heavy mortality (70 to 75%) caused by the 3-foot spacing within sub-blocks raises a
question about the validity or applicability of these results with respect to root collar
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diameter. There are three factors, besides seedbed density, which affect initial root collar
diameter:

1 Rate of germination is perhaps the most important factor. Seeds that are
first to germinate tend to produce dominant or co-dominant seedlings in the
seedbed, while the slowest seeds to germinate tend to produce intermediate
and suppressed seedlings.

2. Seed size and weight affect seedling size, with the larger and heavier seeds
tending to produce the larger seedlings by the end of the season.

3. Genetic differences in growth rate affect seedling size by the end of the
growing season, and these may be the least important of the three when
considering just the first season (in the seedbed).

These three factors are confounded, i.e., some inherently slow-growing seedlings
undoubtedly originate from seed that germinates quickly or is larger or heavier than
average, so that they are of larger than average diameter at the end of the first season.
The reverse is also true; inherently fast-growing seedlings from slow-germinating or small
seed may be of smaller than average diameter at the end of the first season.

The critical question is whether inherently slow-growing seedlings tend to be smaller
in diameter at the end of the first season so that there are more inherently slow-growing
seedlings represented in the smaller diameter classes. If so (and this seems reasonable),
then the unusually heavy mortality resulting from the close-spacing used in this study
may have favored the small diameter seedlings. If there was a higher proportion of
inherently slow-growing seedlings among the small diameter classes, and if mortality
eliminated most of the inherently slow-growing seedlings by age 26 or 25, then any long-
term advantage of large-diameter seedlings would be reduced compared to a study
plagted at normal operational spacing, in which most trees would survive to age 25 or
26.

Heavy mortality of inherently slow-growing trees might have reduced the differences
between large and small seedlings that existed at age three, but it certainly wouldn't have
caused the small seedlings to be the tallest (and also largest in DBH) at ages 26 and 25
(see Figure 2 and Table z). An analysis of variance was performed on mean heights of
all 96 seedling rows in each year. This involved pooling the four separate factorial studies
for each year. This is not technically correct, but it is interesting that height differences
among initial root collar diameter classes (2/32 to 7/32in 1966 and 2/32 to 6/32 in 1967)
were not statistically significant in either year (probability of a larger overall F=.15 in 1966

3See Occasional Report No. 107, Loblolly Pine Seedling Grade--Effect On Survival and Growth Through
20 Years.




and .25 in 1967). A similar analysis of variance was performed on mean DBH, and
differences were not statistically significant in either year (probability of a larger overall
F=.63 in 1966 and .16 in 1967).

In experiments 2, 3, and 4, which are the experiments that included seedlings with and
without buds, seedlings with buds were by chance more often planted in outside rows in
both years. In 1966, 10 of 16 outside rows happened to be seedlings with buds, and in
1967, 6 of 9 outside rows were seedlings with buds. In the 1966 study, at age 26,
seedlings that set buds were .39 feet taller and .30 inches larger (in DBH) than seedlings
that did not set buds. In the 1967 study, at age 25, seedlings that set buds were .90 feet
taller and .23 inches larger. These differences can be at least partly explained by the
differences in numbers of outside rows, that favored seedlings that set buds. Analyses
of variance were performed, similar to the ones for initial root collar diameter, and none
of the differences were statistically significant (probability of a larger F=.600 for height and
.156 for DBH in 1966, and .251 for height and .200 for DBH in 1967).

The age 26 and 25 results of these studies surprised us. At age three, the size
difference between small and large seedlings was striking, and we expected it to increase.
We could not have imagined that the differences would disappear.
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Appendix 1. Survival, mean height, mean DBH, and basal area per acre at age 26 for the 1966 study

Survval Haight DEH Basal Aran
Trealment Rap Rep. Rap, FAep

Digm Laih, Bug 1 2 3 Moans 1 2 3 Means 1 2 3 Means 1 2 3 Means

/g 4 na a0% 2ne 45* 36,7 53.4% B2 52.0° 522 G112+ £.00% 71+ Bl 1776 111.2* 218,94 16882
2/3z 5] ng 30 20 16 217 528 56.5* 45.0 527 5.83 675 8.00 §.18 2588 108.1* 1348 1866
a2 4 g 25 25 28 25.0 83,4 52.8 2.8 s2.7 3.40 580 .20 813 2583 2068 237.5 2332
ooz & ne 15 - .} ao* 247 4E.0 53.0 55.2+ 52.1 4,67 8.00 7.67* 611 TAD g 21347 2012
3552 -] [al=] 25 158 45+ a3 54.0 480 S53.8* 520 540 457 .00 L -] 176.2 82.8 2X5.4 164.8
3732 =] yes 35+ n 15 200 S7.a* 805 483 522 785> 4.00 533 aTa 227.5* ara 10,4 123.8
232 -] no 20 a5 18 23.3 56,49 52.7 840 4.4 5.78 557 BT §.00 156.5 2836 167.8 196,9
a/32 & yoE 20 20 28 21.7 B55.8 53.2 480 523 68.50 5,00 4.40 577 2087 1774 1441 1787
43z ] no 20 25 18 20.0 6E.8 53.0 52.3 5.7 6,00 6,60 k] 5.98 173 2033 1430 174.8
432 -] W5 a5 25 25 283 sar 530 48.2 51.7 5,43 B.00 S5.40 5,61 255.2 218.8 1631 218.4
432 -] na 8o ag* 40 41.7 Bo.g* S50 45,4 1.8 600 a.2a 5.38 5.68 2188 160.0% 264.8 2701
4732 B yes 28 45* 5 35.0 458 576 4.7 540 5.20 £33 B.43 6.65 1685,6 334.0* 346.3 2836
4f3z L] na 25 10 18 16.7 52.4 50.0 =] 51.8 5,50 4,50 7.00 570 1881 465 202.2 1485
4/32 ] yes 30 15 20 217 80,3 48.7 475 48.2 5.33 5,33 5.268 5.30 208.1 1018 1358 148.5
4/3@ 8 ne 15 5 a8 18.3 BB 510 A5G 51.1 5,67 8.00 486 518 124.2 285 2128 1223
438 a a5 20 5 15 20.0 53.0 538 46.3 51.0 B.25 B.20 4,33 8,55 1827 261.2 b A | 1777
5 -] [al=] 20 1 &0 0,0 47.8 830 48.7 502 4.2% .00 533 B1g 863 ar.6 2178 130.5
Bfag -] s a5 25 a5 T 50.4 502 s2.g¢ 5.2 829 580 657 8482 2471 191.6 178.2% 2058
g/a2 B no a0 &0 25 350 S2.0* 45.8 454 44,4 a.7me 525 4.40 8.47 223 8% 2718 1287 2077
532 & yes 25 20 30 280 51.8* 8.2 sS02 811 §.40% 5.25 583 5.83 1203+ 138.3 251.8 17001
63z & L] 25 25 20 233 50,2 48,4 47.2 45,9 5.680 4,40 475 4,82 153.8 16,0 1075 1331
G6a2 ] yes & ] 45 35 34,3 523 84,4 51.1 526 571 578 B.00 863 281.3 3641 A28 323
62 a Ag =5 28 5% any 520 B1.4 S1.8* =LA 5.60 6.00 8,78 B3 198.5 2178 248.0* .7
E/32 a yes an age 20 283 0.2 Bras 47.5 81.7 5.3 T.Ba* 4,50 580 2152 249,00 86.9 187.0
§,32 E ] 25 15 20 200 48.0 48,3 560 81,4 5.80 5.00 T.00 583 206.8 BEE 241.2 1745
§/32 a yes 40 kL 40+ 383 53.5* 86,3* Sd.84 S48 8.75* .00 T.00* T7.28 2.1 263,34 axge 2375
a8,/3z2 q no 25 X5 ah a0 45.6 £ -] 52.2 48.8 4.60 5.66 567 6.34 1314 287.2 23y 218.7
g/a2 10 e 20 40 15 258.0 500 50,1 55.0 8.7 5.50 5.00 B.DO &7 148.5 243,68 2438 211.2
Tiaz a na 35 ags 4] ang 508 537 26,2 50.3 5.43 BAT 5.33 L¥:3| 256.3 155.4* 212.8 HTE
TraR 2] a5 15 25 40+ 26,7 53.0 49.8 54 4% 2.4 5,67 .40 725" 624 1147 216.3 245,90 1820
Tiag 10 no 25 15 10 187 49.4 439.0 515 50.0 520 5.33 3.50 5,34 1728 1136 T2.2 115.4
Tfag 1 ViEE 45 20 3 23.3 1.4 52.2 a0 435.8 G.58* 5,75 3.00 510 245,71 1585 1005 134.6

*means an outside row adjacent to 8-foot buffer




Appendix 2. Survival, mean height, mean DBH, and basal area per acre at age 25 for the 1967 study

Survival Height DBH Basal Area
Treatment Rep. Rep. Rep. Rep.
Diam. Lagth. Bud 1 2 3 Means i 2 3 Maans i 2 3 Means 1 2 3 Means
232 4 A 25 30 5 300 530 487 sS4 514 .00 £.00 §.71* 3.24 268 256.2 150, 5" 224.2
2732 & fa a0 ao¢ 20 287 4249 453 485 49.4 5,33 .33 6.75 .14 2238 147 5% 2225 198.0
a2 4 il-] -] L] 3 333 B2 479 51.3 50.1 6.6 5,44 B.17 574 2120 azar 2876 2741
3/az -] no 40+ 20 an 300 51.6* 452 80,7 49,2 600 4.00 T.00 h.ET 175 137.5 asay 2252
djaz -] Y5 25 35 26 8.3 52.8 47.4 438 48.0 560 5.43 4,80 5.28 1685.4 258.6 1352 1834
3faz & -] 20 X" 28 26,7 52.0 4g.1* 4T B 4E.E 4.75 5.00 880 5158 1059 108.8# 2081 14003
3/32 ] a5 a5 s} 30 26.3 a7 45,2 41,7 468 | 878 467 5.38 281.8 1672 167.6 2022
3032 a [10:] 25 s Ll T 55.8 50,6 48,7 510 L] 5.40 533 578 268.1 1760 3anag 2586
4732 L] ya5 25 a5 28 28.3 S1.8 44,7 LT A7 520 4.8 4.80 4.85 160.8 2050 1378 1678
432 L} Lal=] 3 45 ool 3n0 S5 442 4434 4T85 7.50 500 &.00% 617 dad1.4 3048 150.2* 3001
432 -] yas 25 40 40 5.0 582 449 450 48.4 8,40 4,78 5.50 5.55 253.8 2.2 213 255,58
4,32 a ne dg* a6 = 36T 55.1* 451 47.4 49.7 a.38* 4m 571 5.60 186.2* 1876 788 2211
4/32 -] yEs -] 20 48*% 3.3 51.0 420 4 3% 46,7 571 4.50 B 44" 522 2818 iar.2 165.8° 186.0
4,32 G no 25 30 20 25.0 48.0 453 335 43.9 5.20 5.83 .23 476 1653 2468 a0 156.0
4732 B Y 20 30 8 250 47.8 48.0 43,0 48,3 4.50 5.87 8,00 5.08 855 228.3 1480 1873
4/3z ] no 20 5 26 6.7 50.5 43.3 458.4 4.7 525 471 B.&0 5,19 1315 ig2.2 18005 1718
43z 10 yes 1% 25 25 2.y 49.0 43.2 4ar.2 468 LY ] 480 5.6 8.07 ES.T 1282 21685 145.1
4/32 10 -] 20 a5 a8 30,0 48.6 4683 45.4 aT.2 525 5.00 800 5,08 1339 2178 a2 18938
8/ & ] ane a5 15 ay 5E.E" /T 48,7 48 .4 Toaae 4.57 00 LY 2329 1833 1281 1648
5oz -] ne 348 306 38.5 38.8 48.4 485 472 a0y 820 5,50 540 5.a7 2544 230 286.2 2623
5732 [ yes 25 a5 35 .7 Baz 5E.5° 6.3 521 .40 B 514 675 281.8 311,54 223.8 2g2.2
5/32 a AG A 20 40 .y 807 aran 469 44.8 8,43 .25 5.00 4.56 256,82 ET.0 231.5 1842
532 1o yes s} jel-] 4 3.7 Bo.2 454 453 488 5.33 B4 587 5.38 2073 223,86 Z26.3 218.7
532 10 na 25 B0 35 3.7 5.0 381 45.8 d48.5 5.80 450 571 5.87 2z =547 ETEE 283.8
g/az2 B ] an 45 25 33.3 50.8 sz 43.0 50.4 6.50 5.56° 5.00 5.68 2Te 34,7 150.3 200.8
5/32 B no 25 8 a5 .7 46,2 438.4 8.1 47.8 5.20 an 5T 5.54 1723 725 274.8 2388
g5/32 1% Wis a0 20 40 30.0 49.8 48,2 45,1 45.0 533 8.00 8,00 51 2218 18,7 2539 1967
5/32 [s] L] 20 28 25 23.3 48.8 48.2 46,0 48.3 5,00 5.80 4,60 5.13 1211 2018 1271 1459
B a2 2 yes ai 389 15 3.3 Sag* 48.0 48.7 50.8 A i 4,88 6.67 & 2481 2003 165.3 203.8
632 -3 1] X33 151 235 226 503 505 47.8 485 54T 8,50 550 5.56 2283 .8 142.0 1487
6/a2 10 wes a5 45 35 303 468 49,4 &0.1% 485 5.57 B4 5.00* 587 2761 =27 124.9% 241.2
632 10 no 15 a0 421 200 457 43,7 4232 438 5.00 .83 4.75 4.53 96,7 113.0 2400 149.9

*means an outside row adjacent to a 9-lool buffer




